The distal insertions of the tendons crossing the ankle as well as the tendons originating in the foot are less well known by radiologists. We review the anatomy and ultrasound appearance of these insertions using our own cadaveric sectioning and dissection. The ultrasound images were correlated with anatomical slices. Occasionally magnetic resonance images were also used for better understanding. Understanding the normal appearance of these tendon insertions is important for diagnosing pathology in this region.
During routine ultrasound imaging emphasis is typically placed on the parts of the tendons at the level of the ankle. The distal insertions of the tendons crossing the ankle joint are often not assessed. Insertional tendon pathology occurs and can remain undiagnosed. Such pathologies may include tendinosis, enthesitis, tenosynovitis, and tears. Understanding the anatomy of the tendon insertions is important to help radiologists arrive at the correct diagnosis.
We divided the tendons into 4 groups: anterior tendons, lateral tendons, medial tendons, and those tendons originating in the foot. The anterior group consists of the anterior tibial, extensor hallucis longus, extensor digitorum longus, and peroneus tertius tendons. The lateral group consists of the peroneus brevis, peroneus longus, and peroneus quartus tendons. The medial group consists of the tibialis posterior, flexor digitorum longus, and flexor hallucis longus tendons. Tendons and muscles with an origin in the foot but connecting to ankle tendons include the extensor digitorum brevis, extensor hallucis brevis, flexor digitorum brevis, flexor hallucis brevis, and quadratus plantae [1, 2] . We studied the tendons in cadavers and volunteers with ultrasound. Our aim was to show an imaging-anatomic correlation of the tendon insertions.
Anterior Tendon Group

Anterior Tibial Tendon
The anterior tibial tendon arises from the lateral tibial condyle, the upper lateral surface of the tibia, and the interosseous membrane. It descends along the medial aspect of the foot and may divide in 2 parts before its insertion. The tendon inserts at the inferomedial aspect of the first metatarsal base and the medial aspect of the medial cuneiform (Figures 1 and 2 ). This division into 2 parts may be misinterpreted as evidence of a split tear ( Figure 3 ). A subtendinous bursa may rarely be found in this location. Described variations of tibialis anterior insertion include an insertion on the proximal phalanx of the big toe, and on the talus and calcaneus.
The tibialis anterior is the largest and strongest of the extensor tendons [3] . The tendon is responsible for 80% of dorsiflexion and inversion of the foot. It prevents the forefoot slapping and scraping the ground and helps support the longitudinal arch. Interestingly, the medial cuneiform band is the most common site of distal pathology including tendinopathy and partial tears of the tendon.
Extensor Hallucis Longus
The extensor hallucis longus is a thin muscle arising from the anterior surface of the fibula and the interosseous membrane. The extensor hallucis longus inserts onto the dorsal surface of the base of the distal phalanx of the hallux and is a powerful dorsiflexor of the great toe (Figures 4 and 5) [3, 4] . In case of a tear, loss of dorsiflexion is observed. The extensor hallucis brevis, in contradistinction, inserts more proximally at the base of the proximal phalanx ( Figure 6 ). At the level of the metatarsophalangeal joint, both tendons are anchored by the extensor sling (Figures 7 and 8 ).
With ultrasound, the probe is placed along the long axis of the tendon for optimal visualization of the insertion.
Extensor Digitorum Longus
The extensor digitorum longus arises from the lateral condyle of the tibia, the anterior surface of the fibula, and the interosseous membrane. At the level of the ankle, the muscle passes under the prominent extensor retinacula and divides in 4 tendons coursing over the dorsal aspect of the foot [1, 4] . At Figure 1 . Coronal anatomical section of the anterior tibial tendon. Note insertion (arrows) of tibialis anterior on cuneiform, quite medially rather than anteriorly despite its name. This figure is available in colour online at http://carjonline.org/. Figure 2 . Ultrasound image in a sagittal oblique plane along long axis of tibialis anterior tendon. Note insertion of the tendon (arrows) on the cuneiform (C). Insert shows probe positioning. Ultrasound has the advantage compared with magnetic resonance imaging of allowing a direct comparison of thickness with the contralateral asymptomatic side. This figure is available in colour online at http://carjonline.org/. the level of the metatarsophalangeal joint, the tendons to the second through fourth toes are joined by the extensor digitorum brevis tendons ( Figure 9 ). Both tendons are covered by the extensor aponeurosis which wraps along the side of the metatarsal head ( Figure 10 ). The extensor digitorum longus and brevis first unite and then trifurcate ( Figure 11 ). This trifurcation consists of 1 central and 2 lateral bands. The central band of the trifurcation inserts at the base of the middle phalanx. This aspect is similar to the central slip of the extensor apparatus of the hand inserting on the middle phalanx. The lateral bands continue distally and inserts at the base of the distal phalanx ( Figures 12 and 13 ). The extensor complex provides extension to the toes and contributes to foot dorsiflexion.
Peroneus Tertius
The peroneus tertius is also known as fibularis tertius [4] . The muscle arises from the lower third of the anterior aspect of the fibula and the interosseous membrane. It is located lateral to the extensor digitorum longus tendons ( Figure 14 ). It then courses distally and inserts along the superior surface of the fifth metatarsal base. The tendon is absent in 10% of individuals. Variant insertion slips have been recognized to the fourth MT base, the fifth MT shaft, or the fifth proximal phalanx.
Visualization with ultrasound is easier than with magnetic resonance, as the probe can be placed exactly along the long axis of the tendon (Figure 15 ). This tendon is rarely injured, however.
Lateral Tendon Group
Peroneus Brevis Tendon
The peroneus brevis tendon arises from the lower twothirds of the fibula. The distal tendon inserts on the styloid apophysis (lateral aspect) of the base of the fifth metatarsal. Variants include additional slips inserting on the fourth or fifth toe, the phalanx, cuboid, calcaneus, or on the peroneus tertius. The muscle is a weak plantar flexor and evertor of the foot [5e7]. Typically, with fractures of the base of the fifth metatarsal, the tendon may exert pull on the proximal fragment. The enthesis may also be involved in seronegative spondylarthropathy.
The ultrasound probe can be oriented along the short or long axis of the tendon, following its entire retro-and inframalleolar course (Figures 16 and 17) . At the insertion, some interdigitation with fatty strands may occur not to be mistaken for evidence of pathology. The peroneus tertius tendon inserts at the dorsal aspect of the base of the fifth MT, the peroneus brevis at the lateral aspect, and finally the lateral band of the plantar fascia at the plantar aspect of the fifth metatarsal.
Peroneus Longus Tendon
The peroneus longus muscle originates from the lateral condyle of the tibia, and the head and proximal lateral fibula.
The tendon courses distally and turns posterior to the lateral malleolus. It makes a second turn around the lateral border of the cuboid to course into the cuboid tunnel ( Figures 18 and  19 ). In the cuboid tunnel the tendon is covered by fibers of the long plantar ligament. Before the cuboid tunnel, an os peroneum (bony or cartilaginous sesamoid) may be present in the tendon. In the sole of the foot, the peroneus longus inserts at the base of the first metatarsal, and to a lesser degree at the base of the second metatarsal (Figures 20 and 21). At this insertion, it typically interdigitates with strands On ultrasound imaging, the peroneus longus tendon can be well seen when it turns along the cuboid tunnel both on coronal and sagittal images. However, anisotropy may be present. The probe can then be turned and directed towards the base of the first metatarsal showing a long-axis view of the plantar part of the peroneus longus.
Peroneus Quartus
The peroneus quartus is a common accessory muscle occurring in 13% of persons [5e7]. It arises from the peroneus longus or brevis muscles. It continues as a thin tendon posterior to the other peroneal tendons and inserts at the lateral aspect of the calcaneus. Insertions on the peroneus longus, peroneus brevis, lateral retinaculum, and cuboid have been reported. The insertion of the tendon onto other peroneal tendons can mimic a tear and awareness of this variation is important to avoid misdiagnosis. Occasionally the peroneus quartus may remain muscular in the retromalleolar area, which increases the risk of a compression syndrome or subluxation.
With ultrasound, in the transverse plane, at the retromalleolar area the additional tendon or muscle posterior to the peroneus longus and brevis is evident (Figures 22 and  23) . In the coronal plane, the peroneus quartus can be followed along its long axis and the calcaneal insertion can be visualized.
Medial Tendon Group
Tibialis Posterior Tendon
The tibialis posterior muscle originates on the inner posterior aspect of the tibia and fibula. The tendon is the largest of the medial compartment and runs through a sulcus in the medial malleolus, before curving under the medial malleolus and dividing into different parts at the insertion [8e10]. The anterior part of the inserting tendon fans out and attaches on the tuberosity of the navicular and the first cuneiform (Figure 24 ).
At the navicular bone an accessory bone, the os tibiale externum, may be observed in the tendon. This is designated a type 1 accessory navicular ( Figure 25 ). The type 2 accessory navicular consists of an additional bone fragment forming a synchondrosis (Figure 26 ). This type may be symptomatic. A type 3 accessory navicular consists of a hook-like deformity of the navicular bone, termed cornuate navicular. The posterior tibial tendon can solely insert on the accessory navicular bone or have partial minor attachment onto the accessory os.
Before its insertion on the navicular bone, a fibrocartilaginous nodule may be present in between the posterior tibial tendon and spring ligament ( Figure 26 ). This could easily be misinterpreted as tendinopathy. In this area, there is an intimate relationship between the superomedial component of the spring ligament and the posterior tibial tendon. Both On ultrasound, in the transverse plane, the tibialis posterior tendon can be visualized in the retromalleolar groove. More distally, the anterior part is seen to insert on the navicular bone and the tarsometatarsal tendon is directed towards the sole of the foot (Figure 24 ). The presence of normal variations of the bone can all produce an irregular insertion that should not be mistaken for pathology ( Figure 25 ). On ultrasound, the division of the tendon before the navicular insertion can be misinterpreted as a tear, as it creates a refraction artifact. When the probe is tilted more inferiorly from the position for the navicular insertion, the tarsometatarsal part can be seen.
Flexor Digitorum Longus
The muscle arises from the posterior surface of the tibia and from the fascia covering the tibialis posterior. The tendon curves along the medial malleolus. The main tendon divides in 4 tendons that attach to the lumbrical muscles. At the metatarsophalangeal level, the flexor digitorum brevis is located more superficial relative to the flexor digitorum longus [2, 9] . The flexor digitorum brevis bifurcates and allows passage of the flexor digitorum longus (Figure 30 ). The flexor digitorum brevis inserts at the level of the middle phalanx on small bony ridges (Figures 31 and 32) .
On ultrasound, the tendon can be visualized along its short or long axis. Along the long axis, the insertion at the distal phalanx can be well seen. Along the short axis, the passage of the flexor digitorum longus through the bifurcation of the flexor digitorum brevis can be appreciated (Figure 29) .
Flexor Hallucis Longus
The flexor hallucis longus arises from the inferior twothirds of the posterior fibula. It crosses the ankle adjacent to the posterior surface of the sustentaculum tali where it is covered by a retinaculum. More distally, it courses under the sustentaculum tali. At the level of the knot of Henry, it crosses over the flexor digitorum longus [2, 9] . In this area tenosynovitis may occur. When this becomes large it may compress the adjacent medial plantar nerve. In the sole of the foot, it runs between the 2 heads of the flexor hallucis brevis. The tendon reaches the intersesamoid interval (Figures 33  and 34 ). At this level, deep to the tendon, the intersesamoid ligament may be found. Distally the tendon inserts on the base of the distal phalanx and the interphalangeal joint capsule (Figure 35 ). On ultrasound, the tendon can be depicted in the transverse and sagittal planes.
Origin in Foot
Extensor Digitorum Brevis
The extensor digitorum brevis originates from the upper and lateral surface of the calcaneus and the stem ligament also called frondiform ligament [2] . It crosses the dorsum of the foot and divides into 4 tendons for the second to fifth toes. These tendons join the extensor digitorum longus tendons at their lateral aspect. The muscle aids in extending the toes.
On ultrasound, the muscle belly can be depicted over the dorsum of the midfoot. Distally the tendons join the extensor digitorum longus tendons.
Extensor Hallucis Brevis
The extensor hallucis brevis is essentially the medial part of the extensor digitorum brevis. However, the tendon inserts separately on the base of the proximal phalanx of the hallux and does not form a trifurcation with the longus tendon, as is the case for the other toes. The tendon helps to extend the big toe [2] .
Flexor Digitorum Brevis and Flexor Hallucis Brevis
The flexor digitorum brevis tendon arises from the calcaneus and the central part of the plantar aponeurosis. Distally it divides into 4 tendons. At the bases of the proximal phalanges the tendon divides into 2 slips and allows passage of the flexor digitorum longus. The 2 slips insert on bony ridges at the level of the middle phalanx. The flexor digitorum brevis may be absent for the fifth toe [2] . On ultrasound, the tendon can be imaged in the sagittal and transverse planes. In the transverse plane, the 2 slips alongside the extensor digitorum longus can be well depicted.
The flexor hallucis brevis arises from the undersurface of the cuboid bone, from the lateral cuneiform and from the tendon of the tibialis posterior. It divides into 2 muscle bellies, which insert on the medial and lateral sesamoids of the hallux. It aids in flexion of the great toe. On ultrasound, the 2 bellies of the flexor hallucis brevis can be seen, as well as their insertion on the sesamoid bones. The insertion on the medial sesamoid is combined with the insertion of the adductor hallucis and the insertion on the lateral sesamoid with the abductor hallucis.
Quadratus Plantae
The quadratus plantae arises from the calcaneus and the long plantar ligament (calcaneocuboidal ligament) as 2 heads. It courses distally and inserts on the tendon of the flexor digitorum longus [2] . The muscle is well depicted with ultrasound along the medial border of the calcaneus.
Conclusions
Insertions of the ankle and foot tendons are often not assessed on routine imaging, and radiologists are less familiar with the anatomy of this region. Understanding ultrasound anatomy of the insertions is important for diagnosing pathology in this region. Figure 32 . Ultrasound image along the short axis of the flexor tendons at the level of insertion of the flexor digitorum brevis slips (long arrows). Note ridges at the insertion site of the flexor digitorum brevis slips (short arrows). The flexor digitorum longus (arrowhead) has a more plantar location. The integrity of the flexor digitorum brevis (similar to the situation in the hand) may be difficult to assess in the long-axis image, and in this case the short-axis image confirms integrity. Figure 33 . Coronal anatomical slice at the level of the sesamoids of the hallux (S). The flexor hallucis longus (arrowheads) is located in the intersesamoid interval. Note insertion of the abductor hallucis tendon on the medial sesamoid (arrow) and the adductor hallucis on the lateral sesamoid (curved arrow). The extensor hallucis tendon is indicated by the short arrow. This figure is available in colour online at http://carjonline.org/. Figure 34 . Coronal ultrasound image at the intersesamoid interval. Note the flexor hallucis longus tendon (F) in the intersesamoid interval (arrows). Note that the tendon is covered by a pulley, as in the hand (arrows). Deep to the tendon the intersesamoid ligament is seen (arrowhead). Also note cartilage of the underlying metatarsal (curved arrow). (S) Sesamoid bones. Figure 35 . Ultrasound image along the long axis of the flexor hallucis longus (arrowheads). Tendon is seen inserting on distal phalanx. Note that it is displaced by the plantar plate (arrow, a situation similar to the hand). Insert shows ultrasound positioning. This figure is available in colour online at http://carjonline.org/.
